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Neuroimaging, the topic of this Neurobiology Select, continues to advance our understanding of brain function at both the
molecular and systems levels. Recent reports include the use of two-photon microscopy to study crosstalk between
neighboring dendritic spines, the differences in activity between cortical layers, and the effects of presynaptic glutamate
release on neuromuscular junction development and cortical blood flow.
Ras Party Spills over into Neighboring Synapses
Long-term potentiation (LTP) is a lasting increase in synaptic strength stimulated by
repeated activation of neuronal synapses. Although the induction of LTP is con-
strained to the synapse being stimulated, neighboring synapses become sensitized,
such that the strength of the input needed to induce LTP is lowered. Harvey et al.
(2008) now provide evidence that the spread of Ras signaling is one means by which
neighboring synapses sharing the same dendrite acquire this enhanced sensitivity.
Ras is a small GTPase that is activated in dendritic spines by the local influx of
Ca2+, which occurs following, for example, NMDA receptor activation. The authors
transfected rat hippocampal slices with a fluorescence resonance energy transfer-
based reporter construct to visualize Ras activity in live neurons using two-photonmi-
croscopy. Following stimulation of single dendritic spines using two-photon pulses to
release ‘‘caged’’ molecules of the neurotransmitter glutamate locally, they observed
Ras activity spreading to neighboring synapses over a time course of a few minutes.
The rate and distance of Ras diffusion correlated with the reported propensity of
neighboring synapses to acquire enhanced sensitivity to LTP-inducing stimulation.
Future work may identify additional diffusible signals that mediate synaptic crosstalk.
If such factors can be identified, it will interesting to determine whether their diffusion
is similar to that found by Harvey and coworkers for Ras, which spreads over a dis-
tance of 10 mm along the dendrite, or if there are signals that function over both
shorter and greater distances.
C.D. Harvey et al. (2008). Science. Published online June 12, 2008. 10.1126/
science.1159675.
Watching GluRs Grow up
In the fruit fly Drosophila the ionotropic receptors activated by the neurotransmitter
glutamate are heteromeric tetramers. Three of the four subunits are constant,
whereas the fourth subunit in the glutamate-gated ion channel can be either GluRIIA
or GluRIIB. The receptors that result from the inclusion of the two variable subunits
have unique electrophysiological properties and have different effects on synaptic
development. In recent work, Schmid et al. (2008) examined the composition of glu-
tamate receptors in vivo during the maturation of postsynaptic densities at fly
neuromuscular junctions. They show that glutamate receptor composition changes
during development and appears to be regulated by neuronal activity. Immature post-
synaptic densities have a high ratio of GluRIIA to GluRIIB, and this ratio becomes
more balanced as the neuromuscular junctions mature. When the authors expressed
the tetanus toxin light chain in motor neurons, which blocks the presynaptic release of
glutamate, the incorporation of GluRIIA was enhanced. Likewise, the level of Bruch-
pilot, a protein that promotes maturation of the presynaptic terminals and thereby
regulates glutamate release, correlated in a site-specific manner with the ratio of glu-
tamate receptor subunit expression. These results suggest that local glutamate
release controls the subunit composition of glutamate receptors in the postsynaptic
density. Additional work is needed to clarify the molecular mechanisms by which
this switch in subunit usage occurs.
A. Schmid et al. (2008). Nat. Neurosci. 11, 659–666.
Cortical Layer 1 Gets a Wake-up Call
Layer 1 of the cerebral cortex primarily contains the dendrites of pyramidal neurons whose cell bodies reside at deeper
cortical levels. Although layer 1 is a principal destination of long-distance neuronal projections, its role in cortical information
processing is unclear. To compare neuronal activity in different layers of the cerebral cortex, Kuhn et al. (2008) used
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two-photon microscopy to visualize neuronal activity using a voltage-sensitive
dye, ANNINE-6, locally injected into the brain ofmice. They analyzedmembrane
depolarization in the barrel cortex, which receives sensory input from the
whiskers, and were able to observe effects of whisker deflection on different
cortical layers. They also compared the spontaneous activity of neighboring
cortical areas to get a glimpse of the potential differences in information pro-
cessing between awake and anesthetized states. In anesthetized mice, neigh-
boring areas of the cortex in both layers 1 and 2 display a high degree of
synchrony of neuronal activity, most likely due to local connectivity. However,
upon waking, activity becomes desynchronized in layer 1. The authors propose
that this might reflect the effect of external control of layer 1 by distal inputs from
both cortical and subcortical areas, such as the thalamus, that supercede the
local connections that drive synchrony when the animals are anesthetized.
Future work may examine the exact nature of long-range inputs and their
impact on apical dendrites.
B. Kuhn et al. (2008). Proc. Natl. Acad. Sci. USA 105, 7588–7593.
Astrocytes Get the Blood Pumping
Although changes in blood flow are commonly used as a surrogate for neuronal activity in func-
tional magnetic resonance imaging (fMRI), how the two processes are coupled is incompletely
understood. Petzold et al. (2008) now provide insight into signaling pathways in astrocytes (a
type of glial cell in the central nervous system) that couple synaptic activity and localized blood
flow in the olfactory bulb of mice. The authors visualize presynaptic activity (an indicator of glu-
tamate release), Ca2+ flux in astrocytes and postsynaptic neurons, and blood flow in the olfac-
tory bulb using two-photon microscopy after stimulation by different odorants. Interestingly,
enhanced blood flow to specific glomeruli activated by the odorant does not correlate with local
postsynaptic activity, although it is tightly linked to presynaptic glutamate release. Moreover,
blockade of postsynaptic NMDA and AMPA receptors, which abrogates neurotransmission,
had no effect on the local changes in blood flow triggered by the odorant. Instead, the evidence
indicates that glutamate acts on astrocytes: there is an elevation in Ca2+ in the astrocytic end-
feet that encompass arterioles leading to an increase in arteriole size. The authors show that
blocking metabotropic glutamate receptors, in particular mGluR5, inhibited the Ca2+ response
in astrocytes and subsequent increase in blood flow. They also show that uptake through as-
trocyte glutamate transporters also regulates blood flow, although this pathway appears to be
independent of Ca2+ signaling. Given that the strengthening of synapses is commonly associ-
ated with changes in postsynaptic neurons, it will be interesting to see if future work reveals
circumstances in which postsynaptic activity regulates blood flow in this network.
G.C. Petzold et al. (2008). Neuron 58, 897–910.
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